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ABSTRACT 



An object display method for displaying an object from a 
direction of a viewpoint in a virtual three-dimensional space 
of a video game. The viewpoint and an object are arranged 
in a cylinder, on an inner surface of which a reflection image 
expressing the environment is provided, in accordance with 
predetermined rules or player operation. Apartial area of the 
cylinder to be provided with a reflection image to be 
reflected on the object in accordance with the positions of 
the viewpoint and the object is judged. The image linked 
with the determined partial area of the cylinder combined 
with the image of the object is then displayed. The method 
may be incorporated into a computer readable program 
product that is associated with a display, for displaying an 
object, and a game console. 

16 Claims, 15 Drawing Sheets 
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Fig. 2 
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Fig. 9 
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Fig. 14 
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OBJECT DISPLAY METHOD, COMPUTER 

READABLE PROGRAM PRODUCT AND 
PROGRAM FOR DISPLAYING AN OBJECT 
AND GAME SYSTEM 

The present disclosure relates to subject matter contained 
in Japanese Patent Application No. 2000-020956, filed on 
Jan. 28, 2000, the disclosure of which is expressly incorpo- 
rated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an object display method 
enabling the display of a reflection image reflected from an 
environment of a virtual moving object on to the moving 
object, a computer readable program product and program 
for displaying the object on a game screen, and a game 
system using the same. 

2. Description of the Related Art 

An increasing number of recent video games have been 
so-called 3D games. In such games, virtual objects called 
three-dimensional characters and formed by polygons are 
arranged in a virtual three-dimensional space and an image 
of the field of vision seen from a predetermined perspective 
is generated and displayed on the screen. For example, one 
practice has been to display a reflection image reflected from 
the surroundings of a moving object such as an automobile 
or train or a stationary object such as a building on the inner 
surface of the object superposed on the image representing 
the object. This technique is called environment reflection 
mapping or simply reflection mapping. 

The most frequently used environment reflection mapping 
technique is spherical reflection mapping. According to this 
technique, a reflection image representing the environment 
of an object is determined corresponding to the inner surface 
of a sphere centered about the approximate center position 
of the object. For determining the reflection image portion to 
be reflected on the surface of the object from the 
environment, a reflection vector is determined at that surface 
for a vector extending from a viewpoint determined by the 
camera position to that surface. Next, the reflection image 
portion is determined based on the point where the reflection 
vector reaches the inner surface of the sphere when extend- 
ing it. 

In spherical reflection mapping, no matter what the direc- 
tion of the reflection vector generated at the surface of the 
object, it is possible to determine a reflection image portion 
for that surface. When the object is a moving object, when 
the viewpoint is stationary, since the vector heading from the 
viewpoint to the moving object changes along with move- 
ment of the object, the reflection image portion reflected on 
the object changes along with movement of the object. 
Therefore, the reflection image becomes more realistic. 

In video games, there are cases where the moving object 
is tracked by the camera. In this case, the vector heading 
from the viewpoint to the moving object does not change 
much at all, so the reflection vector with respect to that 
vector also changes. In the above spherical reflection 
mapping, only a reflection vector is used for determination 
of the reflection image portion. That is, the sphere for 
representing the reflection image resulting from the envi- 
ronment is assumed to have an infinitely long radius. Even 
if the moving object moves, the vector heading from the 
viewpoint to the moving object does not change. In that 
state, the reflection image portion on the moving object does 
not change and so the reflection image lacks realism. 
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SUMMARY OF THE INVENTION 
An object of the present invention is to provide an object 
display method enabling the display of a reflection image 
changing in accordance with a moving object even when 

5 making a viewpoint track the moving object, a computer 
readable program product and program for displaying an 
object, and a game system using the same. 

According to a first aspect of the present invention, there 
is provided an object display method for displaying an 

10 object from a direction of a viewpoint in a virtual three- 
dimensional space of a video game, comprising making the 
viewpoint and an object arranged in a cylinder, on the inner 
surface of which a reflection image representing the envi- 
ronment is provided, move in accordance with predeter- 

15 mined rules or player operation; judging a partial area of the 
cylinder linked with a reflection image to be reflected on the 
object in accordance with the positions of the viewpoint and 
the object; and displaying the image corresponding to the 
determined partial area of the cy Under combined with the 
image of the object. 

According to a second aspect of the present invention, 
there is provided a computer readable computer product 
storing a program for displaying an object from a viewpoint 
in a three-dimensional space of a video game, the program 
making the computer make the viewpoint and an object 

25 arranged in a cylinder, on the inner surface of which a 
reflection image expressing the environment is provided, 
move in accordance with predetermined rules or player 
operation; judging a partial area of the cylinder to be linked 
with a reflection image to be reflected on the object in 

30 accordance with the positions of the viewpoint and the 
object; and displaying the image corresponding to the deter- 
mined partial area of the cylinder combined with the image 
of the object. 

According to a third aspect of the present invention, there 

35 is provided a program for displaying an object from a 
viewpoint in a three-dimensional space of a video game, the 
program making a computer make the viewpoint and an 
object arranged in a cylinder, on the inner surface of which 
a reflection image expressing the environment is provided, 

40 move in accordance with predetermined rules or player 
operation; judging a partial area of the cylinder to be linked 
with a reflection image to be reflected on the object in 
accordance with the positions of the viewpoint and the 
object; and displaying the image corresponding to the deter- 
mined partial area of the cylinder combined with the image 

45 of the object. 

According to a fourth aspect of the present invention, 
there is provided a video game system comprising a com- 
puter readable program product storing a program for dis- 
playing an object from a viewpoint in a three-dimensional 

50 space of a video game; a computer for executing at least part 
of a program from the program product; and a display for 
displaying a video game executed by the computer; the 
computer reading at least part of a program from the 
program product, making the viewpoint and an object 

55 arranged in a cylinder, on the inner surface of which a 
reflection image expressing the environment is provided, 
move in accordance with predetermined rules or player 
operation; judging a partial area of the cylinder to be linked 
with a reflection image to be reflected on the object in 

60 accordance with the positions of the viewpoint and the 
object; and displaying the image corresponding to the deter- 
mined partial area of the cylinder combined with the image 
of the object on the display. 

65 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become clearer from the following descrip- 
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tion of the preferred embodiments given with reference to 
the attached drawings, in which: 

FIG. 1 is a schematic view of a game system with a 
built-in computer; 

FIG. 2 is a view of an example of a memory map of a 5 
RAM in the computer; 

FIG. 3 is a view for explaining cylindrical reflection 
mapping according to the present invention; 

FIG. 4 is a view of the correspondence among the inner 10 
surface of the cylinder, the UV coordinate area, and the 
reflection texture data in the VRAM; 

FIGS. 5 A and 5B are views of the correspondence 
between a reflection image able to be linked with the inner 
surface of the cylinder and the reflection texture data; 15 

FIG. 6 is a flowchart of a game program; 

FIGS. 7A and 7B are views of the content of model data; 

FIGS. 8A and 8B are views of the content of reflection 
model data; 20 

FIG. 9 is a view of the content of reflection data; 

FIG. 10 is a flowchart of image display processing; 

FIG. 11 is a flowchart of reflection calculation processing; 

FIG. 12 is a flowchart of UV value calculation processing; 

FIGS. 13 A, 13B, and 13C are views for explaining a 
method of determination of vertex color data corresponding 
to a reflection image; 

FIG. 14 is a flowchart of reflection display processing; 

FIGS. ISA and 15B are views for explaining an example 30 
of a reflection image generated using cylindrical reflection 
mapping; and 

FIGS. 16 A and 16B are views for explaining another 
example of a reflection image generated using cylindrical 
reflection mapping. 35 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the object display method, 
computer readable program product and program for dis- 40 
playing an object, and game system using the same will be 
explained below with reference to the drawings. 

As shown in FIG. 1, the game system 1 is for example 
comprised of a game console 10 able to be loaded with a ^ 
CD-ROM 40 storing a computer game program according to 
the present invention and a television set 20 and player 
operable keypad 30 connected to the same by cables. The 
game console 10 is for example a home game system and 
includes a computer 100 accommodated in a single housing. 5Q 

The player depresses an opening button (not shown) on 
the game console 10 to open the openable lid (not shown) 
and loads for example a CD-ROM 40 inside it. The game 
console 10 executes a computer game program stored on the 
CD-ROM 40. 55 

The game console 10 has card slots (not shown) corre- 
sponding to the keypad 30. An external auxiliary storage 
medium, that is, a memory card 50, can be inserted into each 
card slot. The player can freely store the data relating to the 
characters in the game or the data relating to the state of 60 
progress of the game program or other data required for 
resumption of the game in a memory card 50 inserted in a 
card slot. When the player suspends the game, then uses the 
memory card 50 to again start up the game, the game console 
10 resumes the game from the suspended portion. 55 

A television set 20 is used as an example of a display 
device for the game console 10. The television set 20 



receives a video signal and audio signal from the game 
console 10, processes the received video signal to display an 
image on the screen 21, and outputs a sound corresponding 
to the received audio signal from speakers 22 attached to the 
television set 20. 

The keypad 30 is generally called a controller and has a 
plurality of buttons and other operating parts (not shown) for 
operation by the player. It is used as an example of an input 
device. The keypad 30 is for example provided with a group 
of direction keys comprised of for direction keys for moving 
a cursor displayed on the screen 21 to the left, right, top, and 
bottom, a select button, start button, triangle (A) button, 
circle (o) button, cross (x) button, and square (o) button. 

The computer 100 is for example comprised of a central 
processing unit (CPU) 101, read only memory (ROM) 102 
for storing the instruction string and data required for the 
CPU 101 to execute the program instructions, a random 
access memory (RAM) 103 comprising a main memory for 
temporarily storing the game program to be executed and the 
data to be used by the game program, a graphic processor 
104, sound processor 105, compact disc read only memory 
(CD-ROM) drive 106 in which a CD-ROM 40 is loaded, 
input/output interface unit 107, magnetic storage device 
(HDD) 108, communications interface unit 109, and bus 110 
connecting the above circuits. 

The CPU 101 decodes and executes program instructions 
stored in the RAM 103 to control the circuits inside the 
computer in accordance with the instructions and responds 
to operational input of the player entered from the keypad 30 
through the input/output interface unit 107 and controls the 
execution of the game program so as to execute program 
portions corresponding to the operational input. The CPU 
101 suitably executes the instruction string stored in the 
ROM 102 at the time of execution of the program instruc- 
tions. 

The graphic processor 104 includes a not shown video 
RAM (VRAM) and comprises a frame buffer (not shown) in 
it. It responds to instructions given from the CPU 101 to 
draw an image comprised of a plurality of polygons express- 
ing an object on the frame buffer. Further, the graphic 
processor 104 generates a video signal corresponding to an 
image stored in the frame buffer, for example, a television 
signal, and outputs it to a not shown video circuit in the 
television set 20. 

The frame buffer is actually comprised of a pair of frame 
buffers. The images of a plurality of objects making up a 
single frame image are stored in one of the pair of frame 
buffers. When one frame image finishes being produced, the 
next frame image is stored in the other of the pair of frame 
memories. In this way, a plurality of frame images are 
alternately stored in the pair of frame buffers. 

The recently stored frame image is read from the other 
frame buffer among the pair of frame buffers different from 
the frame buffer being used for storing the current frame 
image. The frame buffer to be read from is switched in 
synchronization with the vertical sync signal of the televi- 
sion set 20. The new frame image is also generated in 
synchronization with this signal. The cycle of the vertical 
sync signal is the frame image display cycle (or also simply 
called the frame cycle). 

The sound processor 105 generates a sound signal 
expressing voices, music, sound effects, etc. based on the 
sound data stored in the ROM 103 and supplies it to the 
speakers 22 through a not shown audio circuit in the 
television set 20. 

The input/output interface unit 107 is connected to the 
keypad 30 and a memory card 50 inserted into a card slot 
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(not shown) and controls the data transfer timing between 
the keypad 30 and memory card 50 and the CPU 101 and 
other circuits. 

The CD-ROM 40 is a recording medium storing a game 
program and data used by the same. The CD-ROM drive 106 
reads the game program and data, stores them in the RAM 
103, and supplies them for execution by the CPU 101. 

The game program and data used in the game console can 
be supplied by other methods as well. For example, it is also 
possible to adopt the method of including the game program 
in a carrier wave able to be used for communication, 
transmitting it as a computer data signal for execution by the 
computer, and receiving it at the game console side. 

Specifically, for example, it is also possible to use the 
communications interface unit 109 to download the game 
program from another piece of equipment, not shown, on the 
network connected through the communications line 111. 
The magnetic storage device (HDD) 108 may be used for 
storing the game program downloaded in this way and 
making the game program be executed by the CPU 101 or 
for other purposes. 

Alternatively, it is also possible to store the game program 
and data in advance in the memory of another piece of 
equipment, not shown, on the network 112 connected 
through the communications line 111 and successively store 
and use the game program and data in the RAM 10 as 
required through the communications line 111 and network 
112. Note that it is also possible to construct the game 
console 10 so as to enable it to support only one mode of use, 
that is one of the mode of use of a CD-ROM or mode of use 
of a magnetic storage device 108. 

In this embodiment, the RAM 103 is used in accordance 
with the memory map shown in for example FIG. 2 at the 
time of execution of the game program. A system area 103a 
stores the system information required for the basic opera- 
tion for game progress such as an interruption vector indi- 
cating a location to jump to in the interruption routine. A 
program area 103£> stores the portion of the game program 
in execution from the CD-ROM 40. 

A model data area 103c stores a plurality of sets of model 
data for a plurality of objects used in the game. A reflection 
data area 103d stores reflection data for realizing cylindrical 
reflection mapping. The above data is all stored from the 
CD-ROM 40 in a predetermined work area before execution 
of the game program. Details of the data will be explained 
later. Another work area 103e is used as a work area for 
temporarily holding other data at the time of execution of the 
game program. 

The game system using the present invention is not 
limited to the one illustrated or ones similar to the same. It 
is of course also possible to use different structures of 
display devices, input devices, CPUs, or storage media. 

FIG. 3 shows the basic aspects of cylindrical reflecting 
mapping. The cylinder 70 is schematically defined so as to 
surround the object displayed in the three-dimensional vir- 
tual space. An image representing the environment of the 
object 60 is drawn on the inner surface of the cylinder 70. 
The cylinder is an infinite length cylinder having a center 
axis 65 passing through the center of the object and parallel 
to the direction of movement of the object 60. The coordi- 
nate system in the three-dimensional virtual space is, as 
shown in the figure, comprised of X-, Y-, and Z-axes. The 
object 60 is assumed to be one moving continuously parallel 
to the Z-axis and in the -Z-axis direction at for example a 
constant speed. The Y-axis is the coordinate axis expressing 
the upward direction seen from the object 60. The X-axis 
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and Z-axis are assumed to be included in the same horizontal 
plane. Note that the object 60 moves in response to prede- 
termined rules or player operation. As the predetermined 
rules, for example, a speed of movement or direction of 

5 movement etc. are determined. 

In a game program, an image of an object in a space 
captured by a not shown virtual camera is generated by the 
program and displayed on the display screen 22 of the 
television set 20 (FIG. 1). The position of the camera 

10 becomes the viewpoint. 

In cylindrical reflection mapping, a unit length reflection 
vector VI is determined for a unit length vector from the 
viewpoint El to a point Rl on the object 60 (below, this 
vector sometimes being called a viewpoint vector). The 

15 image positioned at the point Ql where an extension of the 
reflection vector VI reaches the inner wall of the cylinder 70 
is used as the reflection image for the point Rl on the object 
60. 

20 If the object 60 moves to the object 60A, when the camera 
stops and the viewpoint El determined by that position does 
not move, the reflection vector V2 for the point R2 after 
movement of the point Rl on the object 60A differs from the 
reflection vector VI at the point Rl. Therefore, the point Q2 

25 on the inner surface of the cylinder 70 which the extension 
of the reflection vector V2 reaches differs from the point Ql 
and the image positioned at the point Q2 differs from the 
image positioned at the point Ql. The image positioned at 
the point Q2 is used as the reflection image for the point R2, 

3Q so the reflection image reflected on the object 60 changes 
along with movement of the object 60 and is displayed to 
appear to flow. 

On the other hand, assume that the camera tracks the 
movement of the object 60 and the viewpoint moves to the 

35 viewpoint E2. Since the viewpoint moves to E2, the reflec- 
tion vector V3 for the point R2 is the same as the reflection 
vector VI. The point Q3 where the extension of the reflec- 
tion vector V3 reaches the inner wall of the cylinder 70, 
however, differs from the point Ql, and the image positioned 

40 at the point Q3 differs from the image positioned at the point 
Ql. The image positioned at the point Q3 is used as the 
reflection image for the point R2. In this case as well, the 
reflection image reflected on the object 60 changes along 
with movement of the object 60 and is displayed to appear 

45 to flow. 

In this way, in cylindrical reflection mapping, not only the 
direction of the reflection vector, but also the position of the 
reflection point in the axial direction of the cylinder is used 
for determination of the reflection image. In this way, even 

so when the viewpoint El is tracking movement of the object 
60, the reflection image reflected on the object 60 and the 
reflection image reflected on the object 60A after movement 
become different images. 

As clear from the above, cylindrical reflection mapping 

55 uses the image on the inner surface of the cylinder seen from 
the viewpoint as the reflection image. The reflection vector 
depends on the position of the viewpoint, the position of the 
reflection point on the object, and the direction of the surface 
of the object at the reflection point. The position on the 

60 cylinder which the reflection vector reaches depends on the 
direction of the reflection vector and the position of the 
reflection point. In the final analysis, in cylindrical reflection 
mapping, a position in an image linked with the inner wall 
of the cylinder is determined from the position of the 

65 viewpoint, the position of the reflection point on the object, 
and the direction of the surface of the object at the reflection 
point. 
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The object is comprised of a plurality of polygons. When 
actually determining the reflection image for the object 60, 
therefore, a reflection image portion reflected on a polygon 
having a surface reflecting light among the plurality of 
polygons making up the object is determined. In this case, in 
the same way as stated for the above point Rl, the positions 
on the inner wall of the cylinder 70 which the extensions of 
the vector and the reflection vector reach are determined by 
the position of each vertex of the polygon, the position of the 
viewpoint, and the direction of the surface of the polygon 
(direction of normal line of surface). A plurality of positions 
on the cylinder 70 are determined corresponding to the 
plurality of vertexes of the polygon. 

For example, when the polygon is a triangle, three points 
on the inner surface of the cylinder 70 are determined. The 
image of the area defined by these three points in the 
reflection image linked with the inner surface of the cylinder 
70 becomes the reflection image to be reflected on the 
polygon. The obtained reflection image portion is displayed 
combined with the image for displaying the polygon. 

As clear from the above, to find the reflection image 
corresponding to a point on the object 60, it is sufficient to 
determine the point where the extension of the reflection 
vector at that point reaches the inner surface of the cylinder 
70 and determine the reflection image at the point reached. 
When simply executing the method, since the cylinder 70 is 
a three-dimensional shape, time is taken for calculation of 
the point where the extension of the reflection vector reaches 
the cylinder wall. 

In the present embodiment, as a simpler method of 
cylindrical reflection mapping, instead of finding the point 
reached, the image position of the reflection image on the 
two-dimensional reflection image is determined based on the 
direction of the reflection vector and the position of the 
polygon to thereby determine the reflection image by a 
simpler method. At this time, instead of the position of the 
polygon, the position of the object is used as an approximate 
value. In the present invention, this simplified method is also 
considered cylindrical reflection mapping. 

That is, when the object 60 is at a certain position, as 
shown in FIG. 4, the area 80M in the two-dimensional UV 
coordinate space (below, this area will sometimes also be 
called a movable UV area) is linked with the inner surface 
of the cylinder 70. This area 80M is an area of A^U^l+A 
and 0^ 1. This A changes in accordance with the position 
of the object 60 in the direction of movement (in the present 
case, the Z-coordinate value). 

Specifically, instead of judging the position of the point 
where the reflection vector reaches the inner surface of the 
cylinder 70, the UV values are determined by the calculation 
shown later in accordance with the components of the 
reflection vector and the position of the object 60. In this 
calculation, the UV values for the reflection vector are set to 
fall in the movable UV area 80M for all reflection vectors for 
all polygons making up an object. 

The movable UV area 80M is further linked with a 
reference UV area 80. This area 80 is an area of O^U^l and 
0 = V = 1 . To link the movable UV area 80M with a reference 
UV area 80, when calculating the U -value in the above 
calculation, the calculation of 0^ U^ 1 is performed. That is, 
in the above calculation, calculation is added to add or 
subtract an integer to or from the U-value found directly by 
the calculation so as to make the U-value fall in the range 
O^U^l. 

A two-dimensional reflection image is linked with the 
reference UV area 80. In the present embodiment, the data 
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of a reflection image linked with the reference UV area 80 
is stored in the two-dimensional area 91 in the VRAM 90 
included in the graphic processor 104. Therefore, the inner 
surface of the cylinder 70 is linked with the VRAM area 91 

5 through the reference UV area 80. 

The VRAM 90 stores a plurality of texture data to be 
added to the plurality of polygons making up each object. 
The coordinate values of the VRAM 90 used for reading the 
texture data are called the texture coordinates. Below, the 

10 reflection image data stored in the area 91 in the VRAM 90 
will be called the reflection texture data. When reading the 
reflection texture data, the coordinates in the VRAM area 91 
are determined from the U- and V-values and used as the 
coordinates of the vertex of the reflection texture. Below, 

15 however, for simplification, the set of the U- and 
V-coordinates will sometimes also be called the texture 
coordinates for the reflection image. 

In this way, the inner surface of the cylinder 70 is linked 
with the reflection texture data stored in the VRAM area 91, 

20 but below, for simplification, the explanation will sometimes 
be made of the inner surface of the cylinder 70 being linked 
with the reflection texture data stored in the reference UV 
area 80 considering as if the texture data were stored in the 
reference UV area 80. 

The inner surface of the cylinder 70 and the reference UV 
area 80 specifically are linked as follows: As shown in FIG. 
5 A, assume that, at the inner surface of the cylinder 70, there 
are a plurality of trees 83 positioned at the front side on the 

30 ground area 81A at the side of the ground surface 81 in front 
of the object 60 and that there is linked with this a reflection 
image having a plurality of trees 84 positioned at the far side 
on the ground area 81B at the far side of the ground surface 
81. The line A-B shows for reference the passing points of 

35 the center line 65 of the cylinder 70. As shown in FIG. 5B, 
in the reference UV area 80, the ground area 81A at the front 
side is positioned at the top of the reference U V area 80, the 
front trees 83 are positioned knocked down on the ground 
area 81A at the front side, the ground area 81 of the far side 

4Q is positioned at the bottom of the reference UV area 80, and 
the far trees 84 are positioned above the ground area 81B. 

That is, the reference UV area 80 corresponds to the 
two-dimensional area obtained by cutting open the cylinder 
70 at the bottommost portion and spreading open the inner 

45 surface. Therefore, the reflection image portion positioned 
directly above the object 60 linked with the topmost portion 
of the cylinder 70 is linked with the V=0.5 portion. In the 
final analysis, the U-axis corresponds to the coordinate axis 
in the center axis direction defined on the inner surface of the 

50 cylinder 70, while the V-axis corresponds to the coordinate 
axis in the circumferential direction defined on the inner 
surface of the cylinder 70. 

When determining the reflection image for a certain 
polygon of the object 60, it is found in generally the 

55 following way. The UV values of each of the plurality of 
vertexes of the polygon are determined based on the reflec- 
tion vector at each of the vertexes and the Z-axis direction 
coordinate values of the object 60. These UV values are 
determined to fall in the reference UV area 80. The two- 
go dimensional image data in the VRAM area 91 is determined 
based on the plurality of UV values found and is used as the 
reflection image data for the polygon. 

Below, an explanation will be given of details of reflection 
mapping in the embodiment. The game program S200 is 

65 generally executed by the routine shown in FIG. 6. First, at 
the initialization processing S201, the data required for 
execution of the game program is read from the CD-ROM 
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40 and stored in a suitable area in the RAM 103. For FIGS. 8A and 8B shows an example of reflection model 

example, the model data for the plurality of objects used in data 140 generated by the initialization processing S201 and 

the game is stored in the area 103c. The texture data to be stored in the RAM 103. As already stated, the reflection 

added to the polygons making up the object is stored in the model data 140 is generated by copying the model data for 

VRAM 90 (FIG. 4) in the graphic processor 104 at this time. 5 an object when the object includes a reflection portion. In 

Further, it is judged for each object if the object has a this copying, however, only the portion relating to the 

group of polygons for reflection of a reflection image by this plurality of polygons making up a reflection portion is 

cylindrical reflection mapping (hereinafter called a reflec- copied in the vertex data group 120 included in the model 

tion portion). When a reflection portion is included in an data 110 for the object 

object, the original model data is copied, and the reflection 1r , „. ^ . ^ a ' , , , , . . , 

model data is generated and stored in the model data area 10 A That 1S ' the reflection model data 140 includes the vertex 

103c. The reflection model data is used for later determina- data f rou P 150 plating to the group of polygons making up 

tion of the reflection image data by the cylindrical reflection the Polity of polygons making up a reflection portion m 

mapping. Further, the reflection data required for cylindrical the vertex data 120 included in the model data for an 

reflection mapping is stored in the reflection data area 103d ob J ect and the polygon data 160 relating to these polygons, 

in the RAM 103. 15 In the above copying, the vertex relative coordinates 151 

At the game progress processing S202, the progress of the and normal vector 152 in the vertex data group 150 are 

game is controlled. Specifically, it is judged whether to copied from the data of the same names in the vertex data 

switch the scene in accordance with the player operation. group 120 (FIG. 7A). The vertex designation data 160Aand 

When switching the scene, the data for display of the scene 160B in the polygon data 160 are copied from the data of the 

after switching is read from the CD-ROM 40 to the RAM 20 same names in the polygon data 130 (FIG. 7B). However, 

103. Further, processing is also performed for moving the the texture coordinates 153 and vertex color data 154 in the 

characters and other objects in response to the operational vertex data group 150 are not copied from the vertex data 

input. group 120 (FIG. 7A). 

At the image display processing S300, the images of all Note that while not shown, the reflection model data 140 

of the objects appearing in the scene determined at the game 25 includes data such as the texture data address or texture size, 

progress processing S202 are generated based on the model The texture data address is the address in the VRAM 90 

data for the objects and written in the not shown frame buffer storing the two-dimensional reflection texture image for 

in the graphic processor 104. reflection mapping. The texture size is the data size of the 

When an object includes a reflection portion, the reflec- ^ reflection texture, 

tion image of the reflection portion is also generated and The texture coordinates 153 and the vertex color data 154 

written in the frame buffer so as to be superposed on the are determined by the later explained processing. Unlike the 

image representing the original object. In this way, a frame texture coordinates 123 (FIG. 7A) in the model data 110 for 

image including the object and reflection image is displayed. an object, the texture coordinates 153 store the UV values 

The above processings S202 and S300 are repeated in 35 found for the corresponding vertexes and are used for 

synchronization with the frame cycle until it is judged that reading reflection image data for the polygons. The vertex 

the game has ended (step S203) and a new frame image is color data 154 is used for changing the reflection texture data 

displayed with each repetition. determined for a polygon. 

FIGS. 7A and 7B show an example of model data read to FIG. 9 shows an example of reflection data 170 stored in 

the RAM 103 by the initialization processing S201 for one 40 the RAM 103 by the initialization processing S201. This 

of the objects. The model data 110 includes the vertex data data is data used for execution of cylindrical reflection 

group 120 and the polygon data 130. The model data 110 mapping. 

further includes the position in the three-dimensional space In the present embodiment, moving the object for cylin- 

of the model and the motion data, but this data is not shown drical reflection mapping in a predetermined direction is also 

for simplification. 45 called scrolling. This predetermined direction of movement 

The vertex data group 120 includes a plurality of vertex is assumed to be parallel to one of the coordinate axes X, Y, 

data 120Aand 120B. The vertex data 120Aor 120B includes and Z of the virtual three-dimensional space for simplifica- 

data relating to each of the plurality of vertexes making up tion. The present invention can be applied when the prede- 

the plurality of polygons included in the object to which the termined direction of movement is any direction, however, 

model data 110 corresponds. For example, the relative 5 0 The coordinate axis parallel to the direction of movement is 

coordinates (AX,AY,AZ) (121) of the corresponding called the scroll parallel axis. Any of the X-, Y-, or Z-axis 

vertexes, normal vector (n^n^rQ (122) at the vertexes, the may be used as the scroll parallel axis, 

texture coordinates 123, and the vertex color data (R, G, B) One of the other two coordinate axes other than the scroll 

(124) are included. The relative coordinates (AX,AY,AZ) parallel axis is called the scroll horizontal axis. Here, when 

(121) of a vertex are relative values of the vertex coordinates 55 the scroll parallel axis is the X-, Y-, or Z-axis, the Z-, X-, or 

with respect to a position (X,Y,Z) in the three-dimensional X-axis is defined as the scroll horizontal axis. The coordi- 

virtual space of the object to which the vertex belongs. nate axis neither the scroll parallel axis or the scroll hori- 

Here, the texture coordinates 123 are the address of the zontal axis is called the scroll vertical axis. Here, when the 

texture data to be added to the vertex in the texture data scroll parallel axis is the X-, Y-, or Z-axis, the Y-, Z-, or 

stored in the VRAM 90. The vertex color data 124 is texture go Y-axis defined as the scroll vertical axis. The X-axis never 

data designated by texture coordinates, that is, color data becomes the scroll vertical axis. In the case of FIG. 3, the 

used for designating the extent of changing the color of the scroll parallel axis is the Z-axis. Therefore, the scroll hori- 

display pixel corresponding to the vertex from the color of zontal axis is the X-axis, while the scroll vertical axis is the 

the texture data to be added to the vertex. Y-axis. 

The polygon data 130 includes a plurality of vertex 65 In FIG. 9, 170Ais the scroll parallel axis data Ap. The data 

designation data 130A and 130B for designating the group Ap shows which coordinate axis is the scroll parallel axis, 

of vertexes making up a polygon for each polygon. Here, the data Ap is comprised of three flags corresponding 
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to the coordinate axes X, Y, and Z. These flags take the value 
1 when the corresponding coordinate axis is the scroll 
parallel axis and take the value 0 otherwise. In the case of 
FIG. 3, the scroll parallel axis is the Z-axis, and the flag for 
the Z-axis in the scroll parallel axis data A p becomes 1 as 
shown in FIG. 9. 

Reference numeral 170B is the scroll horizontal axis data 
A h . The data shows which coordinate axis is the scroll 
horizontal axis. In the same way as the data A p , the data A A 
is comprised of three flags corresponding to the coordinate 
axes X, Y, and Z. These flags take the value 1 when the 
corresponding coordinate axis is the scroll horizontal axis 
and take the value 0 otherwise. In the case of FIG. 3, the 
scroll horizontal axis is the X-axis, and the flag for the 
X-axis in the scroll horizontal axis data A A becomes 1 as 
shown in FIG. 9. 

Reference numeral 170C is the scroll vertical axis data A^ 
The data A,, shows which coordinate axis is the scroll 
vertical axis. The data A v is comprised of two flags corre- 
sponding to the coordinate axes Y and Z. These flags take the 
value 1 when the corresponding coordinate axis is the scroll 
vertical axis and take the value 0 otherwise. In the case of 
FIG. 3, the scroll vertical axis is the Y-axis, and the flag for 
the Y-axis in the scroll vertical axis data A^ becomes 1 as 
shown in FIG. 9. 

Reference numeral 170D is the scroll scale value S c . The 
data S c is used for changing the amount of change of the 
reflection image when the object moves as explained later. 
For example, when the environment to generate the reflec- 
tion image is far away, the scroll scale value SC is made 
small and the amount of change of the reflection image 
becomes small. 

Reference numeral 170E is infinitely far color data C f and 
shows the image data used as the reflection image for a 
reflection vector comprised of only the horizontal compo- 
nent in the direction of movement of the object. 

Reference numeral 170F is the mapping texture standard 
color data C r . As explained later, the data is the standard 
value of the vertex color data 154 (FIG. 8) of the vertex of 
a polygon. The color of the reflection image for any vertex 
is changed in accordance with the difference between the 
vertex color data 154 for that vertex and the mapping texture 
standard color data C r . 

The image display processing S300 shown in FIG. 6 is 
executed in accordance with FIG. 10. First, one of the 
objects to be displayed is selected (step S301). The coordi- 
nates of the object in the three-dimensional virtual space are 
converted to coordinates of a viewpoint coordinate system 
using the model data for the object, as is itself well known. 
Further, perspective transformation is applied for projecting 
the object on the display screen. 

Based on the results of the perspective transformation, it 
is judged if the object is positioned in the display screen or 
is positioned outside the display screen and not displayed 
due to clipping (step S302). When it is judged that the object 
is not positioned in the display screen, the following pro- 
cessing is not executed. 

When it is judged that the object is positioned in the 
display screen, processing for displaying the object is 
executed (step S303). That is, an object image is generated 
using the model data for the object and is stored in a not 
shown frame buffer in the graphic processor 104. 

At the time of generation of the object image, the texture 
data to be added to the polygons comprising the object is 
read from the VRAM 90 (FIG. 4) based on the texture 
coordinates 123 (FIG. 7 A) and is added to the plurality of 
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display pixels falling in the image areas in the display screen 
expressing the polygons. 

At this time, the vertex color data 124 (FIG. 7A) is used 
as follows. When the values of all the components of the 

5 vertex color data 124 for all of the plurality of vertexes 
making up the polygons are equal to the standard value, for 
example, "128", the color of the texture data is not changed. 

When the value of any of the components of the vertex 
color data 124 for any of the vertexes is not equal to the 

10 standard value "128", the color of that component of the 
texture data to be added to the vertex is changed in accor- 
dance with the value of that component of the vertex color 
data 124. When the color of the texture data for any vertex 
is changed, the entire texture data to be added to the polygon 

i5 including that vertex is changed. 

For example, when the R component of the vertex color 
data 124 of a vertex is larger than the standard value "128", 
the color of the texture data added to the vertex is changed 
to a more reddish color. Along with the change of the vertex, 

2Q the R component of the image data of another display pixel 
belonging to the same polygon is changed by exactly an 
amount corresponding to the distance from the pixel repre- 
senting the vertex to that other pixel. 

After the object display step S303, it is judged if there is 

25 a reflection portion in the object (step S304). As already 
explained, the reflection portion is a polygon group for 
reflection of the reflection image by this cylindrical reflec- 
tion mapping. When there is a reflection portion in the 
object, the reflection model data 140 (FIGS. 8Aand 8B) for 

3Q that reflection portion is generated by the initialization 
processing S201 (FIG. 6). At the above judgement step 
S304, it is judged if the reflection model data has finished 
being generated. 

When the reflection model data has finished being 

35 generated, the reflection calculation processing S400 is 
executed. Here, the reflection image for each of the plurality 
of polygons making up the reflection portion is determined 
by the method explained later in detail. At the reflection 
display processing S500, as explained later in detail, the 

40 reflection image determined is displayed combined with the 
object image generated at step S303. Next, it is judged if all 
of the objects have been processed (step S305). The above 
processing is repeated until all of the objects have been 
processed. 

45 The reflection calculation processing S400 is executed in 
accordance with FIG. 11. Here, the reflection image for each 
of the plurality of polygons making up the reflection portion 
is determined. First, one of these plurality of polygons is 
selected (step S401). Next, one of the plurality of vertexes 

5 0 of the polygon is selected (step S402). A unit length view- 
point vector heading from the viewpoint in the three- 
dimensional virtual space to the vertex is then found (step 
S403). 

Further, the unit length reflection vector at that vertex for 
55 that viewpoint vector is found (step S404). The reflection 
vector is found using the normal vector at that vertex. The 
reflection vector is a vector having a direction of the advance 
of the reflection of light when light reaches the vertex from 
the direction of the normal vector and having an end point 
60 positioned at that vertex. The normal vector, as shown by 
152 at FIG. 8A, is included in the vertex data group 150 in 
the reflection model data 140. When the normal vector 152 
is not included in the reflection model data 140, it can be 
found by using the relative coordinates of the plurality of 
65 vertexes the polygon being processed. 

A plurality of normal vectors 152 for each vertex can also 
be set in accordance with the direction of the surface of each 
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of the plurality of adjoining polygons at that vertex corre- 
sponding to each of the polygons. Alternatively, just one 
normal vector 152 can also be set in common for the 
plurality of adjoining polygons. 

Based on the reflection vector found and the position 
along the direction of movement of the object including the 
reflection portion (in the present case, the Z-coordinate), the 
UV value calculation processing S600 is executed and the 
UV coordinate values corresponding to that vertex are found 
by the later explained method. 

Further, the vertex color for that vertex is calculated by 
the later explained method (step S405). The UV values and 
vertex color found are written in the reflection model data 
(step S406). 

Next, it is judged if all of the vertexes have been pro- 
cessed (step S407). The above processing is repeated until it 
is judged that all vertexes have been similarly processed 
(step S408). Then, the reflection calculation processing S400 
ends. 

The UV value calculation processing S600 executed at the 
reflection calculation processing S400 (FIG. 11) is executed 
in accordance with FIG. 12. First, the scroll offset is 
calculated (step S601). The scroll offset S o/ is the product of 
the position along the direction of movement of the object 
and the scroll scale value S c (170D) in the reflection data 170 
(FIG. 9). In the case of the object 60 shown in FIG. 3, the 
direction of movement of the object is parallel to the Z-axis, 
while the position in the direction of movement of the object 
is given by the Z-coordinate of the object 60. 

The direction of movement and the speed of movement of 
the object in the three-dimensional virtual space are given in 
advance as motion data separate from the model data. When 
executing the object display processing S303 (FIG. 10), the 
new position of each object is determined based on the 35 
motion data. Therefore, the Z-coordinate value of the object 
60 is also already determined at that time. As will be 
explained later, the scroll offset S ojf is used for changing the 
reflection image portion in accordance with the position of 
the object. 40 

Next, the three components of the reflection vector are 
determined (step S602). Specifically, the component r p relat- 
ing to the scroll parallel axis (in the example of FIG. 3, the 
Z-axis component rj, the component r A relating to the scroll 
horizontal axis (in the example of FIG. 3, the X-axis 45 
component r^.), and the component r v relating to the scroll 
vertical axis rv (in the example of FIG. 3, the Y-axis 
component r y ) are determined. These components may take 
values of from -1 to 1. 

The U-coordinate value corresponding to the vertex being 50 
processed is determined (step S603). Specifically, the 
U- value is determined by the following equation 1. Note that 
below, equation 1 a comprising equation 1 minus the scroll 
offset S^is also shown. Equation la helps the understanding 
of the basic aspects of the cylindrical reflection mapping in 55 
the present embodiment. As shown in FIG. 3, when the 
object moves parallel to the Z-axis, t p becomes the Z-axis 
component r z of the reflection vector and equations 1 and la 
become the following equations lc and lc. 



reflection mapping in the present embodiment. The scroll 
parallel axis component x p of the reflection vector generally 
takes a value from -1 to 1. When r p is -1, U is 0. When r p 
is 1, U is 1. When r^, is 0, U becomes 0.5. When x p changes 
5 from -1 to 1, U changes from 0 to 1. Therefore, equation la 
determines the U-value in the reference UV area 80 of FIG. 
4 corresponding to i p . 

As shown in FIG. 3, when the object 60 moves parallel to 
the Z-axis and in the -Z axis direction, according to equation 
10 lc, when the Z-axis component of the reflection vector is 0, 
is, when the reflection vector is perpendicular to the axis of 
the cylinder, the U-value becomes 0.5. When the reflection 
vector is completely oriented in the Z-axis direction and the 
Z-axis component is 1, that is, when the reflection vector 
15 becomes the opposite direction to the direction of movement 
of the object 60, the U-value becomes 1. When the reflection 
vector is completely oriented in the -Z-axis direction and the 
Z-axis component is —1, that is, when the reflection vector 
is the same direction as the direction of movement of the 
20 object 60, the U-value becomes -1. 

The V-value corresponding to the vertex in processing is 
determined in the following way. First, it is judged if the 
scroll vertical axis component r v of the reflection vector is 0 
or more (step S604). When the scroll vertical axis compo- 
25 nent r v is 0 or more, the V-value is determined by the 
following equation 2 (step S608). As shown in FIG. 3, when 
the object moves parallel to the Z-axis, r h becomes the 
X-axis component r^. of the reflection vector, while equation 
2 becomes equation 2a. Since r A is 0 to 1, from equation 2, 
30 the V-value changes from 0.5 to 0.75. 

lM).5+0.25xf A (2) 
V^O.S+O^xf-, (2a) 



When the scroll vertical axis component r v is smaller than 
0, it is judged if the scroll horizontal axis component r h is 0 
or more (step S605). When the scroll horizontal axis com- 
ponent r h is 0 or more, the V-value is determined by the 
following equation 3 (step S606). When the object moves 
parallel to the Z-axis as shown in FIG. 3, equation 3 
becomes 3a. Since r h is 0 to 1, from equation 3, the V-value 
changes from 1.0 to 0.75. 



(3) 
(3a) 



VWl.0-0.25xf-,, 



VWl.0-0.25xr* 



When it is judged by judgement step S605 that the scroll 
horizontal axis component v h is smaller than 0, the V-value 
is determined by the following equation 4 (step S607). When 
the object moves parallel to the Z-axis as shown in FIG. 3, 
equation 4 becomes 4a. Since r A is 0 to 1, from equation 4, 
the V-value changes from 0.25 to 1.0. 



V^0.25xr h 



(4) 
(4a) 



17=0.5+0.5x^+5^ (1) 

£/=0.5+0.5x/^ (la) 

U=Q.5+0.5xr z +S vf (lb) 

f/=0.5+0.5xr z (lc) 

First, consider equation la for understanding the method 
of determination of the UV coordinate values for cylindrical 



Specific examples of the U-value and V-value become as 
follows for the case where the object 60 moves parallel to 
the Z-axis as shown in FIG. 3. From equation la, when the 
60 reflection vector is completely oriented in the Y-axis 
direction, the reflection vector is (0,1,0). At this time, from 
equation 2, V=0.5. Therefore, in FIG. 5B, V=0.5 corre- 
sponds to the environment directly above the object. 

When the reflection vector is completely oriented in the 
65 X-axis direction, the reflection vector is (1,0,0). At this time, 
from equation 1, U=0.5, while from equation 3, V=0.75. 
When changing from the state where the reflection vector is 
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completely oriented in the X-axis direction to a direction 
substantially heading in the -Y-axis direction, the reflection 
vector is substantially (0,-1,0). From equation 1, U=0.5, 
while from equation 3, V becomes substantially 1.0. 

Therefore, the area where the V-value at the reference UV 5 
area 80 is 0.75 to 1.0 corresponds to the area 81A(FIGS. 5A 
and 5B) close to the ground at the front side in the inner 
surface of the cylinder 70. The area where the V-value at the 
reference UV area 80 is 0.75 to 0.5 corresponds to the 
environment from the area 81 A close the ground at the front 1Q 
side in the inner surface of the cylinder 70 to directly above 
the object. 

When the reflection vector is completely oriented in the 
—X-axis direction, the reflection vector is (-1,0,0). At this 
time, from equation 1, U=0.5. From equation 2, V=0.25. 
When changing from the state where the reflection vector is 15 
completely oriented in the —X-axis direction to substantially 
the —Y-axis direction, the reflection vector is substantially 
(0,-1,0), U=0.5 from equation 1, and V becomes substan- 
tially 0 from equation 4. 

Therefore, the area where the V-value at the reference UV 20 
area 80 is 0 to 0.25 corresponds to the area 81B close to the 
ground at the far side in the inner surface of the cylinder 70. 
The area where the V-value at the reference UV area 80 is 
0.25 to 0.5 corresponds to the environment from the area 
8 IB close the ground at the far side in the inner surface of 25 
the cylinder 70 to directly above the object. 

The relationship between the reflection vector and the U V 
coordinates changes tremendously in this way according to 
whether the X-component is 0 or more or less than 0 in the 
case where the Y-component of the reflection vector is -1. 30 
This shows that, as explained with reference to FIGS. 5A 
and 5B, the reference UV area 80 corresponds to the 
two-dimensional area obtained when cutting open the cyl- 
inder 70 at its bottommost location. 

When ignoring the movement of the object, the reflection 35 
vector and UV coordinate values are linked by equation la 
and equations 2 to 4 in the above way. To consider move- 
ment of the object, it is necessary to use equation 1 or 
equation lc instead of equation la or lc. 

In equation 1, since the scroll offset S 0 ^is further added to 40 
the U-value determined by equation la, equation 1 gives the 
U- value belonging to the movable UV area 80M comprised 
of the reference UV area 80 of FIG. 4 shifted by exactly the 
value of S OJft In FIG. 4, A becomes equal to the value of the 
scroll offset S o/ . 45 

In the present embodiment, the U-value found from 
equation 1 is calculated using 1 as the divisor. That is, when 
the U-value calculated from equation 1 is not in the range of 
0 to 1, the integer n is added or subtracted to or from the 
calculated U-value to calculate a U-value with a value 50 
falling in the range of 0 to 1. In this way, the movable UV 
area 80M is linked with the reference UV area 80. 

For example, assume the range of the movable UV area 
80M is A^U^l+A as illustrated and further that n<A^n+l 
(where, n is an integer larger than 1). The range of the above 55 
U is an area straddling n+1. Different processing is per- 
formed depending on which of the following two ranges U 
falls in. The U belonging to A^U^n+1 is reduced by 
exactly n to fall into the range A-n^U^ 1. This U falls in the 
reference UV area 80. 60 

On the other hand, U belonging to n+l^U^A+1 is 
reduced by exactly n+1 so as to fall in the range O^U^j A-n. 
The U also falls in the reference UV area 80. In this way, the 
U belonging to the movable UV area 80 corresponds to 
either of two areas in the reference UV area 80. Note that the 65 
above is also true in the case where n is an integer smaller 
than -1. 
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Even if the position of the object changes in this way, the 
reflection image reflected on the object is generated by using 
the reflection texture data corresponding to the reference UV 
area 80. This means that the same reflection image portion 
is repeatedly reflected on the object along with movement of 
the object. In the game, however, usually this is not too 
much of a problem for the game player. In the present 
embodiment, the amount of reflection texture images to be 
prepared in advance using this is reduced. 

In the basic method of cylindrical reflection mapping 
shown in FIG. 3, the position in the direction of movement 
on the inner surface of the cylinder 70 which the extension 
of the reflection vector reaches changes in accordance with 
the direction of the reflection vector. In equation 1, however, 
when determining the U-value, use is made of only the 
component x p parallel to the direction of movement rather 
than all the components determining the direction of the 
reflection vector. Therefore, the U-value is obtained by 
calculating the value approximately simulating the position 
in the direction of movement of the point on the inner 
surface of the cylinder which the reflection vector reaches. 
Due to this, the calculation of the U-value is simplified. 

In the basic method of cylindrical reflection mapping 
shown in FIG. 3, the position in the direction of movement 
on the inner surface of the cylinder 70 which the extension 
of the reflection vector reaches changes in accordance with 
the position of the vertex of the polygon in the direction of 
movement. In equation 1, however, when determining the 
U-value, the position in the direction of movement of the 
object is used. By using the position in the direction of 
movement of the object in common for all vertexes for all 
polygons, the calculation of the U-values is simplified. 
When determining the scroll offset S^in equation 1, instead 
of the position in the direction of movement of the object, it 
is of course possible to use the position in the direction of 
movement of a polygon. 

In the basic method of cylindrical reflection mapping 
shown in FIG. 3, the position in the direction of movement 
on the inner surface of the cylinder which the reflection 
vector reaches changes by exactly the same amount in 
accordance with the change in the position in the direction 
of movement of the object, while the speed of the change of 
the reflection image of the environment is inversely propor- 
tional to the distance from the object to the environment. In 
equation 1, however, the product of the position in the 
direction of movement of the object and the scroll scale 
value S c is added to the U-value as the scroll offset In 
equation 1, the value of the scroll scale value S c can be made 
to change in accordance with the distance from the object to 
the environment. 

Therefore, the feature of cylindrical reflection mapping of 
the position on the inner surface of a cylinder which an 
extension of a reflection vector reaches changes due to the 
position in the direction of movement of the object (more 
accurately, the position in the direction of movement of the 
vertex of the polygon) is, no differently, realized, though 
approximately. Further, by using the scroll scale value S c , 
the speed of change of the environment reflection image on 
the object is changed approximately in accordance with the 
distance from the object to the environment. 

In the basic method of cylindrical reflection mapping 
shown in FIG. 3, the position in the circumferential direction 
on the inner surface of the cylinder 70 which the extension 
of the reflection vector reaches changes due to the compo- 
nents of the reflection vector in the plane vertical to the 
direction of movement of the object. In the present 
embodiment, however, the calculation equation of the 
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V-value from the value of the scroll vertical axis component 
r v among the components in the plane vertical to the 
direction of movement of the object is changed to any of 
equations 2 to 4. In these calculation equations, the V-value 
is determined by only the scroll horizontal axis component 5 

In equations 2 to 4, instead of finding the coordinates in 
the circumferential direction of the point for a position 
which the extension of the reflection vector reaches, the 
V-value is found by simple calculation as a coordinate value 10 
corresponding to the position in the circumferential direc- 
tion. 

As will be understood from the above, the calculation of 
the UV values by equations 1 to 4 are simplified calculations 
considered for realization of cylindrical reflection mapping. 15 
Since the calculation is simple, they are effective. However, 
the present invention is not limited to calculation of the UV 
values by these calculation equations. Further, it is also 
possible to use coordinate axes other than the U- and V-axes. 

The cylindrical reflection mapping shown in FIG. 3 20 
determines the reflection image reflected at a polygon by the 
reflection image portion linked with the position which the 
extension of the reflection vector by that polygon reaches in 
the reflection image linked with the inner surface of the 
cylinder. However it is not necessary to use the reflection 25 
texture data making the reflection of the environment faith- 
fully correspond to the inner surface of the cylinder and 
further it is not necessary to find the position where the 
reflection vector reaches the inner surface of the cylinder. 

That is, as shown in the present embodiment, by using the 30 
reflection texture data giving an image changing in accor- 
dance with the axial direction of the cylinder in the same 
way as the reflection texture data and using the method of 
determining reflection image portions differing in accor- 
dance with the position in the direction of movement of the 35 
reflection point and the direction of the reflection vector, it 
is possible to determine the reflection image portion having 
similar characteristics as the basic method of cylindrical 
reflection mapping shown in FIG. 3. In the present 
invention, this reflection mapping is also called cylindrical 40 
reflection mapping. 

Various methods of generating reflection texture data to 
be stored in the VRAM area 91 (FIG. 4) may be considered. 
Simply speaking, it is sufficient to generate reflection texture 
data approximately representing the trees 83, 84 and the 45 
ground areas 81A, 81B shown in FIG. 5B. To generate more 
accurate texture data, it is sufficient to arrange a plurality of 
objects making up the environment in the three-dimensional 
virtual space, map the image when viewing the environment 
from the center position of the cylinder 70 on the inner 50 
surface of the cylinder 70, and cut open the image of the 
inner surface of the cylinder obtained in the direction of the 
center axis of the cylinder at the bottommost point of the 
cylinder to obtain a two-dimensional image. 

Note that in FIG. 3, the object 60 is assumed to be moving 55 
parallel to the -Z-axis direction, so the movable UV area 
80M moves in the -U-axis direction, but in the figure, for 
simplification, the movable UV area 80M is displayed to 
appear to move in the +U-axis direction. 

By the above, in the UV value calculation processing 60 
S600, the UV coordinate values designating the reflection 
image data to be used for a vertex being processed are 
calculated. The UV values found are stored in the texture 
coordinates 153 for the vertex being processed in the reflec- 
tion model data 140 (FIGS. 8A and 8B). In this way, the set 65 
of texture coordinates found for a plurality of vertexes 
making up a polygon is used to specify the reflection texture 
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data to be used for that polygon in the reflection image data 
in the VRAM area 91 (FIG. 4). 

The vertex color calculation processing S405 executed at 
the reflection calculation processing S400 (FIG. 11) is 
executed in the following way. In the processing S405, the 
vertex color data 154 (FIG. 4) is found for each of the 
plurality of vertexes making up the polygon being processed 
by the reflection calculation processing S400 in the plurality 
of polygons included in the reflection portion. 

As already explained, the reflection texture data for a 
polygon making up a reflection portion is designated by the 
set of UV values corresponding to the plurality of vertexes 
of the polygon. Further, in the present embodiment, vertex 
color calculation processing is performed for solving the 
following two problems. 

The first problem is how to reflect the effect of a reflection 
image on a polygon image even when the reflection vector 
is completely parallel to the direction of movement of the 
object. That is, when a reflection vector at a vertex of a 
polygon being processed only includes components parallel 
to the direction of movement of the object, the U-value 
determined by equation la (that is, the portion of the 
U-value determined from equation 1 corresponding to the 
reflection vector minus the scroll offset S 0 y) is generated by 
being fixed to 0 or 1. That is, when the polygon is comprised 
of a plane vertical to the direction of movement, the portion 
of the U-value for all of the vertexes of a polygon minus the 
scroll offset S^ becomes 0 or 1 for all vertexes and it is not 
possible to determine the two-dimensional reflection image 
portion to be displayed on the polygon. 

To solve this problem, the method is adopted of dealing 
with a polygon generating a reflection vector comprised of 
only components parallel to the direction of movement of 
the object by superposing a predetermined color on the 
image of the polygon as a reflection image. The predeter- 
mined color is designated by the infinitely far color data C f 
(170E) included in the reflection data 170 (FIG. 9). 

The reflection image from the direction parallel to the 
direction of movement is a reflection image from the envi- 
ronment at an infinitely far position, so it is not necessary to 
display the reflection image reflecting the structure of the 
environment. It is considered sufficient to display a color 
showing the existence of reflection superposed on the origi- 
nal polygon. The above method of using the infinitely far 
color data C f is based on this idea. Since no complicated 
processing is introduced, a reflection image for the reflection 
vector of only the component parallel to the direction of 
movement is generated. However, when not desiring to 
change the image of the polygon, the predetermined color 
may be set to black as in the present embodiment. 

Specifically, in the vertex color calculation processing 
S405, the following processing is executed for the vertex 
processed by the UV value calculation processing S600 in 
the plurality of vertexes making up a polygon being pro- 
cessed at the reflection calculation processing S400. When 
the scroll parallel axis component i p , in the present example, 
the Z-axis component r^, in the components of the reflection 
vector at that vertex, is 0 or 1, the infinitely far color data C f 
(170E) is written in the vertex color data 154 (FIG. 8A) for 
that vertex. 

The second problem is how to change the clarity of the 
reflection image in accordance with the distance from the 
polygon to the environment. This problem is particularly 
serious when the component of the reflection vector at the 
vertex of the polygon parallel to the direction of movement 
of the object is large. In this case, the reflection image data 
for the vertex expresses the reflection from a certain envi- 
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ronment at a far position. If the reflection image for such a 
reflection vector and the reflection image for a not such 
reflection vector are displayed by the same clarity or the 
same brightness, the obtained reflection image ends up 
lacking realism. 

In the present embodiment, to solve the second problem, 
the reflection image data determined by the UV values 
calculated by the UV value calculation processing S600 for 
each vertex is changed in accordance with the magnitude of 
the components parallel to the direction of movement of the 
reflection vector for that vertex. 

That is, as shown in FIG. 13 A, when the U-value deter- 
mined from equation la for a certain vertex (value of portion 
of U-value determined from equation 1 minus scroll offset 
S^) is 0 or 1, as explained above, the vertex color data of the 
vertex (hereinafter indicated as C„) is changed to the infi- 
nitely far color data C f . Note that in this figure, as the 
U-value, the value determined from equation la (that is, the 
value minus the scroll offset S o/ ) is shown. The same is true 
for FIGS. 13B and 13C. 



determination, the reflection texture data representing the 
reflection image portion to be displayed at the display screen 
area is read from the VRAM area 91 (FIG. 4) based on the 
set of UV values determined for each of the plurality of 

5 polygons making up the object. The read reflection texture 
data is changed based on the vertex color data determined 
for each vertex. 

Note that in this embodiment, the reflection image data is 
determined after the perspective transformation (step S503), 

10 then perspective transformation is applied. 

In this way, the reflection image data to be displayed in the 
display image area is generated. The method of changing the 
reflection texture data based on the vertex color data is the 
same as the method of changing the texture data for the 

15 object by the vertex color data. As a result, the clarity of the 
reflection image from the farther environment is lowered by 
a not such reflection image to give a more realistic reflection 
image. 

Note that when the U-values given by equation la for 



The vertex color data C for a vertex with a U-value not 20 eacn vertex for a11 vertexes of the polygon being processed 



0 or 1, as illustrated in FIG. 13B, is determined so as to be 
positioned between the mapping texture standard color data 
C r and the infinitely far color data C f in the reflection data 
170 (FIG. 9). 



(value of portions of U-values given from equation 1 except 
scroll offset) are 0 or 1.0, the image data comprised of the 
infinitely far color data is determined as the reflection image 
for the polygon based on the infinitely far color data set for 



At this time, the vertex color data C„ for the vertex having 25 the vertex color data for these vertexes without reading the 



a U-value determined from equation la of 0.5 is set to be 
equal to the mapping texture standard color data C r . 
Therefore, the reflection image for the vertex corresponding 
to that value is not changed. 

However, the vertex color data C„ of the vertexes are 30 
determined so that the vertex color data of another vertex 
changes smoothly according to the U-value determined by 
equation la of each vertex and the U-value determined from 
equation la approaches the infinitely far color data as it 
approaches 0 or 1. As a result, in FIG. 13B, the vertex color 35 
data C n of each vertex is determined so as to be proportional 
to the U-value determined from equation la of that vertex. 

The U-value determined from equation la , as clear from 
equation la and further as shown in FIG. 13C, is dependent 
on the scroll parallel axis component t p (in the example of 40 
FIG. 3, the Z-axis component rj. Therefore, the vertex color 
data C„ for each vertex is determined from equation 5 using 
the absolute value of the scroll parallel axis component i p of 
the reflection vector. Of course, it is also possible to calcu- 
late the vertex color from another calculation equation. 45 

C=C r+ {C r C r )x\r p \ (5) 

In this way, the vertex color data C„ is determined by 
equation 5 for all vertexes of a polygon being processed. 



reflection texture data from the VRAM 90. 

The image of an object including a reflection portion 
being processed is already written in the not shown frame 
buffer in the graphic processor 104 by the object display 
processing S303 in the image display processing S300. The 
reflection image data generated at step S504 is added to the 
already written object image data. The reflection image for 
the polygon being processed in this way is superposed on the 
object image (step S505). 

The above processing is repeated until it is judged that the 
processing for all polygons has ended (step S506). 

As clear from the explanation of the UV value calculation 
processing S600 shown in FIG. 12, the value of the scroll 
offset S o/ is determined in accordance with the position in 
the direction of movement of the object shown in FIG. 3 
(specifically, the Z-coordinate value). The corresponding 
U-value is determined in accordance with the value of the 
offset S a f and the scroll parallel axis component x p of the 
reflection vector. Further, the V-value is determined in 
accordance with the scroll vertical axis component r v and the 
scroll horizontal axis component r h of the reflection vector. 

As a result, the UV values belonging to the movable UV 
area 80M (FIG. 4) corresponding to the position of the 
object are calculated for all vertexes of the object. Further, 



Note that as clear from the above explanation, instead of 50 since the calculation is performed for U based on a divisor 



performing the vertex color calculation processing S405 
after the UV value calculation processing S600 in FIG. 11, 
it is also possible to reverse the order of the processing or to 
calculate the vertex color data in the middle of calculation of 
the UV values. 

The reflection display processing S500 in the image 
display processing S300 shown in FIG. 10 is executed in 
accordance with FIG. 14. First, one of the plurality of 
polygons making up a reflection portion included in an 



of 1, finally the UV values belonging to the reference UV 
area 80 (FIG. 4) are calculated for all vertexes of the object. 
Accordingly, the reflection texture data in the VRAM area 
91 corresponding to all vertexes is determined. 

When the position of the object changes, the scroll offset 
S of changes, so the U-value found for each vertex of each 
polygon of the object changes and the corresponding reflec- 
tion image also changes. Therefore, the reflection image 
displayed on the same point of the object changes and the 



object being processed in the image display processing S300 60 reflection image is displayed so as to appear to flow on the 



is selected (step S501). The reflection model data 140 
relating to all vertexes of the polygon (FIGS. 8Aand 8B) are 
read (step S502), the same perspective transformation is 
executed as for a normal object (step S503), and the display 
image area for the polygon is determined. 

Further, the reflection image data to be displayed on the 
display screen area is determined (step S504). In this 



object. 

FIGS. 15A and 15B and FIGS. 16 A and 16B show an 
example of the game screen 21 using the cylindrical reflec- 
tion mapping shown in the above embodiment. In these 
figures, 23 indicates a train, 24 a platform, 25 a tower, 26a 
and 26b outdoor fights, and 27 and 28 characters in a game. 
The train proceeds in the depth direction of the paper in the 
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order of FIG. 15A, FIG. 15B, FIG. 16A, and FIG. 16B. The 
state is shown where the character 28 runs on the platform 
24 chasing after the train 23, while the character 27 on the 
train is extending its arm. The camera of the game moves 
forward along with the train. Light from the surrounding 5 
lights 26a and 26b are reflected on the cylindrical body of 
the freight train 23. The reflection images 29a to 29/ 
generated from there are displayed. As will be understood 
from the figure, these reflection images change even when 
the train 23 is moving forward. ID 

On the other hand, when the viewpoint tracks the move- 
ment of the object, the reflection vector for the same vertex 
of the same polygon on the object does not change. Since the 
value of the scroll offset changes, the corresponding 
U-value changes. Therefore, in this case as well, the reflec- 15 
tion image is displayed so as to appear to flow on the object 
and the display of the reflection image becomes more 
realistic. 

Further, as explained at the vertex color calculation pro- 
cessing S405 (FIG. 11), the reflection image is changed so 20 
that the larger the size of the movement direction component 
of the reflection vector, the close the color of the reflection 
image to the far color data. As a result, the reflection image 
derived from the farther environment is weakened and the 
display of the reflection image becomes more realistic. 25 

The present invention is not limited to the above embodi- 
ments. It is of course possible to suitably modify or change 
these embodiments within a scope not out of the gist of the 
invention. 

For example, at step S505 for combining by addition the 30 
reflection image and the object image at the reflection 
display processing S500 shown in FIG. 14, instead of simple 
addition, it is also possible to add the images while weight- 
ing one of the same. Further, it is of course also possible to 
adopt a method of combination other than addition. 35 

Further, in the above embodiments, it was assumed that 
the direction of movement of the object matched one of the 
axes of the three-dimensional virtual space, but the inven- 
tion may also be applied to the case where the direction of 
movement of the object is another direction. In this case, the 40 
method may also be considered of rotating the object until 
it becomes parallel with one of the axes of the three- 
dimensional virtual space, executing the processing shown 
in the above embodiments for the rotated object, rotate the 
object in the reverse direction, and display the reflection 45 
image obtained as a result of the above processing super- 
posed. 

Note that in the above embodiments, the processing for 
reflection calculation was performed in the order of the 
polygons. That is, the polygons belonging to the reflection 50 
portion of the object were successively selected and the 
reflection calculation (calculation of UV values and vertex 
color) performed successively for the plurality of vertexes 
making up the selected polygons. After the end of the 
reflection calculation, the processing for display of the 55 
reflection image of a polygon was performed for the suc- 
cessively different polygons. However, the present invention 
is not hmited to this order of calculation. 

For example, it is also possible to successively execute 
reflection calculation (calculation of the UV and vertex 60 
color) for all vertexes making up the reflection portion and 
then use the results of the reflection calculation for the 
vertexes making up the polygons for the successively dif- 
ferent polygons so as to display the polygons. 

The computer making up part of the game console show 65 
in the above embodiments may also be provided with a logic 
circuit for executing part of the finctions of the game 



,615 Bl 

22 

program used there. Further, along with this, it is also 
possible to change the game program so as to change the 
method of execution of the functions of the game program 
used there. 

In the above embodiments of the present invention, the 
keypad and television set were provided separate from the 
game console. One or both of the keypad and the television 
set, however, may be made integral with the game console. 
Further, it is also possible to use another input device or 
display device. Further, the program product used in the 
game console may also be permanently built into the game 
console rather than detachable from the game console. 

The program product according to the present invention 
or the program product used in the game console according 
to the present invention is not limited to a CD-ROM and 
may be any computer readable program product. For 
example, it may be a DVD, magnetic recording medium, 
semiconductor memory, or other optical recording medium. 

In the above embodiments, a home game system was used 
as a platform, but the game system according to the present 
invention may also be realized using a personal computer or 
other general use computer or arcade game machine as a 
platform. Further, it may also be realized using a mobile 
phone, portable data terminal, car navigation system, or 
other communications terminal as a platform. 

Summarizing the effects of the invention, according to the 
present invention, it is possible to make a reflection image 
reflected on an object from the environment change even 
when the camera tracks the object moving in the game and 
thereby make the display of the reflection image more real. 

While the invention has been described by reference to 
specific embodiments chosen for purposes of illustration, it 
should be apparent that numerous modifications could be 
made thereto by those skilled in the art without departing 
from the basic concept and scope of the invention. 
What is claimed is: 

1. An object display method for displaying an object from 
a direction of a viewpoint in a virtual three-dimensional 
space of a video game, comprising: 

making said viewpoint and an object arranged in a 
cylinder, on the inner surface of which a reflection 
image expressing the environment is provided, move in 
accordance with predetermined rules or player opera- 
tion; 

judging a partial area of said cylinder to be provided with 
a reflection image to be reflected on said object in 
accordance with the positions of said viewpoint and 
said object; and 
displaying the image linked with the determined partial 
area of said cylinder combined with the image of said 
object. 

2. An object display method as set forth in claim 1, 
wherein: 

said object is comprised of a plurality of polygons, 
said judgement determines a reflection vector for each 
vertex based on a positional relationship between a 
position of said viewpoint and a plurality of vertexes of 
each polygon and judges a partial area of said cylinder 
linked with each polygon based on a reflection vector 
determined for each vertex, and 
in the display of the image, an image linked with the 
determined partial area of the cylinder is synthesized 
for each partial area of each polygon. 

3. An object display method as set forth in claim 1, 
wherein the same reflection image is repeatedly provided to 
the cylinder in a direction parallel to the inner surface. 
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4. An object display method as set forth in claim 1, 
wherein in the movement of said viewpoint and object, the 
viewpoint is made to track the movement of the object. 

5. A computer readable computer product storing a pro- 
gram for displaying an object from a viewpoint in a three- 
dimensional space of a video game, said program making 
said computer: 

make said viewpoint and an object arranged in a cy Under, 
on the inner surface of which a reflection image 
expressing the environment is provided, move in accor- 
dance with predetermined rules or player operation; 

judging a partial area of said cylinder to be provided with 
a reflection image to be reflected on said object in 
accordance with the positions of said viewpoint and 
said object; and 

displaying the image linked with the determined partial 
area of said cylinder combined with the image of said 
object. 

6. A program product as set forth in claim 5, wherein: 
said object is comprised of a plurality of polygons, said 

judgement determines a reflection vector for each ver- 
tex based on a positional relationship between a posi- 
tion of said viewpoint and a plurality of vertexes of 
each polygon and judges a partial area of said cylinder 2 5 
linked with each polygon based on a reflection vector 
determined for each vertex, and 
in the display of the image, an image linked with the 
determined partial area of the cylinder is synthesized 
for each partial area of each polygon. 30 

7. A program product as set forth in claim 5, wherein the 
same reflection image is repeatedly provided to the cylinder 
in a direction parallel to the inner surface. 

8. A program product as set forth in claim 5, wherein in 
the movement of said viewpoint and object, the viewpoint is 35 
made to track the movement of the object. 

9. A program for displaying an object from a viewpoint in 
a three-dimensional space of a video game, said program 
making a computer: 

make said viewpoint and an object arranged in a cylinder, 40 
on the inner surface of which a reflection image 
expressing the environment is provided, move in accor- 
dance with predetermined rules or player operation; 

judging a partial area of said cylinder to be provided with 
a reflection image to be reflected on said object in 
accordance with the positions of said viewpoint and 
said object; and 

displaying the image linked with the determined partial 
area of said cylinder combined with the image of said 
object. 

10. A program as set forth in claim 9, wherein: 
said object is comprised of a plurality of polygons, 
said judgement determines a reflection vector for each 

vertex based on a positional relationship between a 55 
position of said viewpoint and a plurality of vertexes of 



each polygon and judges a partial area of said cylinder 
linked with each polygon based on a reflection vector 
determined for each vertex, and 
in the display of the image, an image linked with the 
determined partial area of the cylinder is synthesized 
for each partial area of each polygon. 

11. A program as set forth in claim 9, wherein the same 
reflection image is repeatedly provided to the cylinder in a 
direction parallel to the inner surface. 

12. A program as set forth in claim 9, wherein in the 
movement of said viewpoint and object, the viewpoint is 
made to track the movement of the object. 

13. A video game system comprising: 
a computer readable program product storing a program 

for displaying an object from a viewpoint in a three- 
dimensional space of a video game; 
a computer for executing at least part of a program from 

said program product; and 
a display for displaying a video game executed by said 

computer; 
said computer 

reading at least part of a program from said program 
product, 

making said viewpoint and an object arranged in a 
cylinder, on the inner surface of which a reflection 
image expressing the environment is provided, move in 
accordance with predetermined rules or player opera- 
tion; 

judging a partial area of said cylinder to be provided with 
a reflection image to be reflected on said object in 
accordance with the positions of said viewpoint and 
said object; and 
displaying the image linked with the determined partial 
area of said cylinder combined with the image of said 
object on said display. 

14. A game system as set forth in claim 13, wherein: 
said object is comprised of a plurality of polygons, 
said judgement determines a reflection vector for each 

vertex based on a positional relationship between a 
position of said viewpoint and a plurality of vertexes of 
each polygon and judges a partial area of said cylinder 
linked with each polygon based on a reflection vector 
determined for each vertex, and 
in the display of the image, an image linked with the 
determined partial area of the cylinder is synthesized 
for each partial area of each polygon. 

15. A game system as set forth in claim 13, wherein the 
50 same reflection image is repeatedly provided to the cylinder 

in a direction parallel to the inner surface. 

16. A game system as set forth in claim 13, wherein in the 
movement of said viewpoint and object, the viewpoint is 
made to track the movement of the object. 
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